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[0001] The invention relates to catalyst supports, supported catalysts and methods of making and using them in 
heterogeneous catalytic reactions. *»«»•■■■■ 
[0002] Heterogeneous catalytic reactions are widely used in chemical processes in the petroleum, petrochemical 
and chemical industnes. Such reactions are commonly performed with the reactant(s) and product(s) in the fluid phase 
and the cata yst in the solid phase. In heterogeneous catalytic reactions, the reaction occurs at the interface between 
phases ■.i-e.,the.nterfacebetweenthefluidphaseofthereactant(s)andproduct(s)andthesolidphaseof the supported 
catalyst. Hence the properties of the surface of a heterogeneous supported catalyst are significant factors in the ef- 
fec toe use of that catalyst. Specific^, the surface area of the active catalyst, as supported, and the accessibility of 
hat surface area to reactant chemisorption and product desorption are important. These factors affect the activity of 
the catalyst, i.e., the rate of conversion of reactants to products. The chemical purity of the catalyst and the cataLt 
support have an important effect on the selectivity of the catalyst, i.e., the degree to which the catalyst produces one 
product from among several products, and the life of the catalyst. proouces one 

[0003] Generally catalytic active 

However that surface area must be accessible to reactants and products as well as to heat flow. The chemisorption 

rlHTlZ 1 V 3 SUrfaCe , fe PreC6ded by thG diffUSi ° n ° f that reactant throu 9 h inte ™' structure of the 

catalyst and the catalyst support, ,f any. The catalytic reaction of the reactant to a product is followed by the diffusion 

product away from thecatalyst and catalyst support. Heat must be able to flow into and out of the catalyst support 

t Si T he f*T telyst ^^ 

of the internal structure of a support material to reactant(s), product(s) and heat flow is important. Porosity and pore 
size distnbut.on are measures of that accessibility. Activated carbons and charcoals used as catalyst supports have 
surface areas of about 1 000 square meters per gram and porosities of less than one milliliter per gram. However much 
of this surface area and porosity, as much as 50%, and often more, is associated with micropores, i.e., pores with pore 
diameters of 2 nanometers or less. These pores can be inaccessible because of diffusion limitations. They are easiV 
plugged and thereby deactivated. Thus, high porosity material where the pores are mainV in the mesopore (>2 na- 
nometers) or macropore (>50 nanometers) ranges are most desirable. 

KISL 21 a ' S H ! h3t SUPP ° rted ° atalyStS n0t fracture or attrit duri "9 use because such figments may 

become entrained ,n the reaction stream and must then be separated from the reaction mixture. The cost of replacing 
attntted catalyst the cost of separating it from the reaction mixture and the risk of contaminating the product are a» 
burdens upon the process. In other processes, e.g. where the solid supported catalyst is filtered from the process 
stream and recycled to the reaction zone, the fines may plug the filters and disrupt the process 
[0006] It is also important that a catalyst, at the very least, minimize its contribution to the chemical contamination 
IS (S> ^ pr ° dUCt(S >-. ,n * e case of a cata ^ support, this is even more important since the support is a 
potential source of contamination both to the catalyst it supports and to the chemical process. Further, some catalysts 
areparticularlysensrtn/etocontamination that can either promote unwanted competing reactions, i.e., affect its setec- 

C3ta f ' ineffeCtiVe ' i 9 > " P ° iSOn " ^ CharC ° al and COmmercial * carbons mad H 

and h S "w ? T tra ° 6 am ° UntS of sulfur or nitro 9 en as We " as me tals common to biological system^ 
and may be undesirable for that reason. ' 

n Z 7 L r Zl a h Ct H at N d ,t arC ° alS and ° ther carbon - containin g trials have been used as catalyst supports, none 

ELDEST I L , reqU ' Slte q " iti6S ° f P ° r0Sfty and P ° re S ' Ze d ' Stributi0n ' resistance to attriHon and purity 
for the conduct of a variety of organic chemical reactions. H y 

OBJECTS OF THE INVENTION 
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[0008] It is therefore a primary object of the invention to provide improved catalyst supports and supported catalysts 
for heterogeneous cata^ic reactions for use in chemteal processes in the petroleum petrochemica'l and 225 

S 11 fe " fu, ? er ot) j ect of tne inventio n to provide improved, substantially pure, carbon catalyst support of high 
porosity, punty and resistance to attrition. « u< mgn 

[0010] It is another object of the invention to improve the activity and selectivity of supported catalysts 

K! 2 ! ! S I! 3 ! Urt l! er ° bjeCt ° f thS inV6nti0n t0 provide im P roved metnods for P^paring supported catalysts 

™«!^ZSZ. and re,ated object of the invention to improve ,he — and ^ °< X-d 
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SUMMARY OF THE INVENTION 

TnL^nlTT^ "l 3 SUP f° rted CatalySt f ° r C ° ndUCting 3 f,Uid phase ^«'ytio chemical reaction, processes 

reaCt '° n f ' U,d US,n9 ^ SUPP ° rted ^ and 3 pr0C6SS f0r maki "9 the 

mXHL t UPPOrted f alySt ° f inVenti ° n C ° mpriS6S 3 SUpport com P risi "9 a carbon fibril aggregate and a an- 
alytically effective amount of a catalyst supported thereon. The fibril aggregates comprise a plural of carbon fibriS 
each comprising multiple, essentially continuous, general* parallel layers of ordered graphitic carbon. In a pre yed 
embodiment these graphitic layers are disposed in substantial* parallel relation to the central axis of the ZZ a 

52 teaSTutl h8Ve " 6Xtema ' d,am6ter ° f *"* 3 5 1 ° 75 nan ° meterS and a '-9th JdTameSo 

[0015J Fibril-aggregate-supported catalysts of the present invention have unique properties. They are exceptionally 
macroporousandmeyarepureandmeyare^^^^ 

reacbon med.um over a long service fife. The unique* high macroporosity of carbon fibril aggregates. JresuToE 

ZSSSTt ° Tk 9rea,IV f3CimateS me diffUS, ° n °' reaCtantS and products and "eat into an Z o 

the supported catalyst. This unique porosrty results from a random entanglement or intertwining of fibrils that generates 

separabtiityfrom fluid phase and lower losses of catalystas fines also improves process performance and economS 
- a^eS^ 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

ofVo inven^r 3 ' 10 dla9ram ° f r6aCtl ° n Pr ° CeSS Wlth ^'^ato supported catalysts 
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DETAILED DESCRIPTION OF THE INVENTION 



£ J h8 t Carb °" Ubfli a 99 re 9 ates ^ed as catalyst supports in the invention are formed of a plurality of carbon 
fibnlscharactenzedby an outer region of multiple, essentially continuous, generally parallel layers of ordered graphitic 

iTZ TS Th ! ° n f entati ° n ° f thSSe ,aySrS With reSp6Ct 10 CM axis of the fM vary from ubstanK 
parallel i.e. 0° angle of inclination to substantially perpendicular i.e., 90° angle of inclination 

35 [0018] In a preferred embodiment of the invention, the layers of graphitic carbon are In a substantially parallel rela- 
honshrp and a preponderance of fibrils have an external diameter of about 3.5 to about 75 nanometer a lenoth to 
diameter ratio of at least aboutS and preferably at least 100 or even 1000 nanometers, a length-to- 

Sbrii? u22,? 8 p 0n H ibri,S T Tenn6nt St *• US S N - 871 ' 676 ' ,iled Juns 6 - ("^vel Carbon 

40 6 1 986 ("Novel Carbon Fibrils, Method for Producing Same and Encapsulated Catalyst") Snyder et al USSN 
149,573 filed January 28, 1 988 ("Carbon Fibrils"), Mandeville et al., U.S S.N. 285,817 ^Ebeclmber 1 6 1988 m 

wS^^r ussn - 35i ' 967fHed May 15 - 1989 

wh.chareassgnedtothesameass.gnee as the invention here and are hereby incorporated by reference. Othercarbon 
45 IS" t 1 86 haVin9 3 fiShb ° ne mo, P holo gy <" FB "> described in U.S. Patent No. 4 855,091 to GeusTal 
« [0020 Camonfibrilaggregatesoftheinventionhaveavarietyofmacrascopicmomhologiesa^ 

mng electron microscopy, including bird nest ("BN"), combed yam ("CY") and open net ("ON"). Bird Z Tallies 
resemble bird nests and are characterized by individual carbon fibrils random^ entangled with eac rfhe Z toon 

sTrS to s 2tl Ca ?° n f^ C °: bed ^ a " regateS reS6mb,e C ° mbed Vam and are ol bid, IZ 

s ra.ght to sl.ghtly bent or kinked carbon fibrils having substantially the same relative orientation with respect to each 
other, In other words, the longitudinal axis of each carbon fibril, despite individual bends or kinks S ds iX same 
general direction as that of the surrounding fibrils in the bundles. Open net aggregates resemble!! ope nefand 
compnsestraighttoslight.ybentorkinked carbon fibrils that are l^^^^^S!^,!!^^ 

SbThavfr^ 

f.bnls have substantially the same relative orientation, but that is less than that of bird nest aggregates Combed V am 
and open net aggregates are more readily dispersed than bird nest aggregates es.^omoeayam 
EXIJ? ra r nd ° m f^ n9lem ! n ! °' fibri,S the b irdnest ( BN ) mor P hoto 9yofthepartially (loosely) intertwined fibrils 

in Z TaT^V^ m T h ° 09 r reSUltS 3 UniqU6 P ° r0Sity and P0re s,ructure - Since *• dividual fibrils Z 
,n the range of 3.5-70 nanometers ,n diameter, the pores formed by the entangled or loose* intertwined strands a e 
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of comparable dimensions. Additionally, since the strands are not chemically or physically attached other than by 
relatively weak van derWaals attractions intermittently spaced, some movement of the strands or portions ofthe strands 
relative to each other can occur either randomly or on demand. Thus, the pores are in a "dynamic" rather than static 
state. This results in a support where traditional micropores (<20 A) are non-existent, and where the entire porosity is 
available to the fluid medium as meso- or macropores. This is highly advantageous for performing catalytic reactions 
[0022] Carbon fibril aggregates are prepared by contacting a carbon-containing gas with a metal catalyst in a reactor 
attemperature and other conditions sufficient to produce them with the above-described fibril structure and macroscopic 
aggregate morphology. Reaction temperatures are 400-850° C, more preferably 600-750° C Fibril aggregates are 
preferably prepared continuously by bringing the reactor to the reaction temperature, adding supported metal catalyst 
particles, andthen continuously contacting thesupported catalyst with the carbon-containing gas. Examples of suitable 
feed gases include aliphatic hydrocarbons, e.g., ethylene, propylene, propane, and methane; carbon monoxide- aro- 
matic hydrocarbons, e.g., benzene, naphthalene, and toluene; and oxygenated hydrocarbons. Additionally, hydrogen 
may be included in the feed. Preferred catalysts contain iron and, preferaby, at least one element chosen from Group 
VIB of the Periodic Table (CAS Version) (e.g., molybdenum, tungsten, or chromium), Group VIIA (e.g., manganese) 
'5 or the Lanthanide Series (e.g., cerium). 

[0023] The macroscopic morphology of the fibril aggregate, i.e.. whether it is a combed yam. open net or bird nest 
is controlled by the choice of the catalyst support that is used in producing the fibril aggregate. Spherical supports grow 
carbon fibnls in random directions leading to the formation of bird nest aggregates. Combed yarn and open net aggre- 
gates are prepared using supports having one or more readily cleavable planar surfaces, e.g., an iron or iron-containing 
metal cataiyst particle deposited on a support material having one or more readily cleavable surfaces and a surface 
area of at least 1 rr^/g. 

Preferred support materials for making fibril aggregates include spherical fumed alumina and activated alumina or 
magnesia in the form of aggregates of tabular, prismatic, or platelet crystals. Such material is commercially available 
e.g., spherical fumed alumina from DeGussa, activated alumina from Strem Chemicals and magnesia from Alfa Inor- 
ganics. The spherical fumed alumina particles yield primariy bird nest aggregates, while the activated alumina supports 
yield primarily combed yarn aggregates and the magnesia supports yield primarily open net aggregates 
[0024] It is believed that in the formation of combed yarn and open net fibril aggregates that deposition of a catalyst 
on a support comprising readily cleavable planar surfaces allows the carbon fibrils to assist each other as they grow 
creating a "neighbor" effect. As the catalyst particles deposited on the flat surfaces initiate carbon fibril growth the 
individual fibrils are influenced by their "neighbors". In the case of the activated alumina support, this leads primarily 
to combed yam fibril aggregates in which the individual fibrils have the same relative orientation. The magnesia sup- 
ports, although having readily cleavable planar surfaces, yield primarily open net fibril aggregates in which the carbon 
fibnls are lightly entangled because the magnesia support breaks apart more readily than the activated alumina support 
during fibril growth, resulting in fibril aggregates that are less ordered than the combed yam aggregates but more 
ordered than the entangled fibril balls of bird nest aggregates. The oxide precursors used to generate the metal catalyst 
particles also affect the tendency of the aggregate-forming catalyst support to break apart. The more readily the oxide 
and support can form a mixed oxide at the interface between them, the more likefy the support is to break apart 
[0025] Further details regarding the formation of carbon fibril aggregates may be found in the disclosure of Snyder 
* n t 1 PatentA PP |ica «°n Serial No. 149,573, filed January 28, 1988, andMoy etal., U.S. Patent Application Serial 
40 No. 413,837 filed September 28, 1 989 ("Fibril Aggregates and Method of Making Same"), all of which are assigned to 
the same assignee as the invention here and are hereby incorporated by reference. 

[0026] Improved fibril aggregates for use in the invention can be made in accordance with methods disclosed in U 

u TT I 0 " S ! ria ' N °' fNed 0n even date ^ David M °y and *»» entitled "Improved 

« ™ yStS r the Manufacture of Ca *°n Arils'' the disclosure of which Is incorporated here by reference 

[0027] As a catalyst support, carbon fibril aggregates provide superior chemical and physical properties in porosity 
surface area, separability, purity, catalyst loading capacity and chemical resistance to acids and bases Carbon fibril 
aggregates have porosities as high as 8 ml/gm of aggregate support, high catalyst loading capacity, excellent sepa- 
rability from fluid phase owing to their resistance to attrition below a size of about 0.5 micron, surface areas of about 
250 to about 300 rtf/gm and capable of being as high as 1000 m2/gm, high compositional purity, i.e., freedom from 
ou contaminants. 

[0028] Porosities of from about 2 to about 8 ml/gm and typically from about 5 to about 8 ml/gm, ensure increased 
accessibility to the active catalyst compound supported on the internal surfaces of the aggregate and confer a com- 
mensurate increase in the effective activity of the supported catalyst. Porosity Is typically measured by evacuating all 
gases from a weighed sample of fibrils at a pressure <0.1 mm Hg; absorbing, in vacuo, a liquid, e.g., distilled water 
suitable for such measurements just to the point of saturation; removing all liquid~adhered to the fibril particles by 
filtenng it through No. 50 Whatman filter paper with a water aspirator just to the formation of mud cracks in the filter 
cake; weighing the liquid-saturated fibril filter cake; and calculating the volume occupied by the liquid from the known 
weights of the fibrils, the absorbed liquid and the liquid density. 
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!3 , ThS Ca ?" " bril a " re9ate ° atalySt SUpports of the invention have '"Proved physical strength and resist 
P^^ 

Ely 2^0^^^^^ 

S aggregates vs. 10 rrf/g for synthetic graphite. If surface areas higher than 250-300 

m2/gm are desired, f.bnl aggregates can be surface-oxidized to provide surfaces with surface areas above iS S 
gm. An advantage of surface-oxidized carbon fibril aggregates over activated oJJJSESJS strfa^of ind 
vrdual strands of carbon fibrils are modified and structural integrity of the aggregate remains S there^ro^i" 
increased surface area without any diminution in structural integrity. Y P " 9 

rSmli 8 Ch ? iC !l ^ ° f fibrH aggrega,es has a P° srti ve effect on the selectivity of a supported catalyst since 
contamination-induced side reactions are minimized. Carbon fibril aggregates are essentially pure camon Sh nnt 
sma amounts of encapsulated cata^tic metal compounds remaining from the ptcT^,^* 

- . ZESSZT* fibriWOmiin9 metal ^ d ° 6S " - aS a P— or - SS 6 

[0033] The combination of properties offered by fibril aggregates is unique. No known catalyst suooorts CO mhi„« 

SS^ST? 9h surface area and high attrition resistence ' 7,16 c ™ bina,ion * p «55E JKtSK 

gregates is advantageous ,n any catalyst system amenable to the use of a carbon support The multiple c22*i 
that make up a carbon fibril aggregate provide a large number of junction points at which "catetet nStf^^ 

i2?Fu f r in ? ^ a9gregate - This prov,des a ^^^^^^^^ 

ZH J2 ' r f a9gregateS Pemit hig " ° ata,yst ,oadings per unit weight of fibril and thfe proE a 
greater reserve capacrty of catalyst. Catalyst loadings are generally greater than 0 01 weight percent and 
greater than 0.1 weight percent based on the total weight of the supported «rtZJSS?^T^ 
greater than 50 weight percent of active catalyst based on the total weight of the SSEXSKSEK 
the contemplation of the invention, i.e., loadings in excess of 100 weight percent based onto fweiah t o7th "22 

khz?™ ■ rrn g to the porosity ° f ,ibrii jxz 222^,2 

1 u' . the ' rhlgh PUnty ' ° arb0n fibril agates have the properties of high purity graphite and therefore 

exh.bit high resistance toattackby acids and bases. This characteristic is imt^LSJ^I^£^ 
catalyste Is regeneration with an acid or a base. Regeneration processes can be used which emZ Itrong ac2 or 
strong bases. Their high purity also allows them to be used in very corrosive environments 9 



25 



30 



METHOD OF MAKING SUPPORTED CATALYSTS 
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IT ^^f are made by su PP ortin 9 a eatalytically effective amount of a catalyst on the fibril aggre- 
gate. The term "on the fibril aggregate" embraces, without limitation, on, in and within the aggregate and ! I 
stituent fibrils thereof. The aforesaid terms may be used interchangeably. " 9 " C °"" 

[0036] Three basic methods of preparing heterogeneous supported catalysts are adsorption incipient wetness im 

aZ^Z? ZTT on - Supportedc ^ 

//^u.Des.rable active catalysts are the platinum group (ruthenium, osmium, rhod^ 

or a mixture thereof) and, preferably, palladium and platinum or a mixture thereof P 

EL ?nH Ca ? y$ V UCh u aS 8 coordination com P' ex of a ca ta'ytfc transition metal, such as palladium rhodium or 

1 1 f" ' ^ 9 Ph ° SPhine ' ^ bS adSOfbed by S,Unying the fibril negate in a Loll o the 
catalyst or catalyst precursor for an appropriate time for the desired loading 

I M LISZ"?^" by in ? iP l ent WetneSS> 3 SOlUti0n 0f ,he cata| y st or cata ^t Precursor is absorbed by the dry 
Sinnf 9 J , o P °' nt ° f SatUrati ° n - SinCe the internal vold vo,umes are very high (up to 8 cc/g with ZZ 
loadmgs in excess of 2-3 g of active catalyst/g of fibril aggregate can be obtained tea 29 a 7nroAr 9 Z Itl 
aggregate). Multiple impregnations can result in even higher loadings 9 " 9 Zn{0M ^ ,lbr " 

This method works well with oxide and mixed oxide catalysts. For example a metal o*id* r«n hi Zl Z f 
the fibril aggregate and the active catafyst then deposited in a J^^Z^^ZS^ Z 
loading a precursor of the metal oxide or catalyst by incipient wetness followed by aS of pr^ipSaaem e 
g., a base, or, the mixed oxide catalyst can be deposited analogously in a single step. P rec, P |tat ' n 9 agent, e. 
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[0040] Aggregate-supported catalytic metal oxides and hydrated oxides can be prepared by precipitating them from 

X£££Z ? TT" T of the meta,Si such as by adjusting the pH of the 501 " tion ' The coSSSJ 

sulfides can be made from these oxides and hydrated oxides. U.S. Patent Application Serial No 

clon" SSL?51? D , aVW M 7 ^ Ch ' Shti entft ' ed "' mpr0Ved Meth0dS and Cata, y sts fo r the Manufacture oi 
Carbon F.bnls he d.sclosure of which is incorporated here by reference, describes such precipitation in the context 
of fibril aggregate-supported catalysts for making fibrils and fibril aggregates 
[0041] Rbril aggregate 

solvent system, dned, and then wetted with an activator, such as a suteble anion in a suitable sofcent system or an 
acid or base ,n a suitable solvent, so as to produce the catalyst in situ within the fibril aggregate s uS e As an 
alternative, the sequence may be reversed. » =>um.iure. as an 

[0042] Still another method of making a supported catalyst is by adsorbing a catalyst precursor such as a cation or 
mealateoacatalytic transition metalln solution, onto thefibril aggregate ^Z^vJ^Z^ZZ 
to the catalyst, such as to the metal or metal oxide. engine precursor 

[0043] The catalyst can also be coprecipitated onto the fibril aggregate along with another material, such as a material 

JS^TKt? T b ° th T ' ySt ^ *" fM a " re9ate Wh6re the is not compatible whLS 

aggregate. This technique opens the range of candidate cata^sts for support by the fibril aggregates For instance a 
ferrtc oxide (Fe 2 03) catalyst can be coprecipitated with alumina (Afe0 3 ) or molybdena ^*tt£££5£ 
SSTr * \ W K h f h ^ bS redUC6d Pri ° r t0 th6 intended rea * tion ' ^ported on the fibril ZZSZZ 
Sic ISS' a " re9ate SUPP ° rt ^ ^ Pr6treated W ' th an ^ and/ ° r baS6 b6,0re being '™ parted with 

SUS a 03 * 0 " ""I" aggresat , es be used t0 su PP° rt cat «»VSts other than those which are normally supported on 
38 r" 1 !' ia ' SiliCa ' silica - alumi " a . Silica-magnesia or a zeolfre can be deposed 

and^cW^hflM^ ti h ^99^®9^1® fi^d provide a support for a catalyst that is amenable to use only with the cosupport 
and m be effective because of the porosity of the fibril aggregate. By the same token a catalyst and a compatKy 
matenal can be coprecipitated on the fibril aggregate with the catafyst not otherwise being capable of attachTnt to a 
fibril aggregate In .other words, the porosity of fibril aggregates permit mem to hold cosupp^ 

material and st.ll have sufficient porosity to provide access to reactant(s), product(s) and heat flow. Because of te 
very low bulk densities lot ^carbon fibril ^W^(P.0B^l6gte)^lh. re ^^« l ^ lo ^ t ^^ 

fiance " "** ** M> * ** bed ° r ° ther Ca,a,ytic » rocesses *5S 

[0046] In addition, the surfaces of the individual fibrils in the aggregate can be modified in order to either increase 
surface area or to modify their chemical properties to make them amenable to support of an even broade mnge of 

strSs 18 P0SSib,e • beCaUS6 ° f eXtreme P ° raSity t0 app,y mUttip,e la * ers ° f materia,s ^ese 

METHODS OF USING SUPPORTED CATALYSTS 

[0047] Carbon fibril aggregates are candidates for use as catalyst supports for catalysts that heretofore utilized car- 

f"r« TtSZ ' T rad ' Cal ° r simu,taneous ; P-elimination; rearrangement - nucleophilic. electrophilic or 

LTl ^ tl0 "= o : reduct ' 0 " actions. The foregoing reactions are defined in March, J. Advanced Organic 

particularly carbon fibnl aggregates of the invention may be used as catalyst supports for catalysts for slurried liquid 
phase precious metal hydrogenation or dehydrogenation catalysis, Fischer-Tropsch catalysis, ammonia synThes Tea- 
talysis ydrodesuffunzation or hydrodenitrogenation catalysis, the catalytic oxidation of me hanol to fZZiS 
and fbnl- a nd /o r fi bri , aggregate-forming catalysts. Typical heterogeneous catalytic reactions and the 
are candidates for support on fibril aggregates are set forth in Table I below. 
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Reaction 


Catalyst 


5 


Hydrogenation 




Olefin alkane 


Pt, Pd, Rh, Ru 




3H, + - 2NH 3 


Pe 


10 


2H, + CO - CHrjOH 


Cu*/ZnO 




Heptane -* toluene + 4H ? 


Pt 




Acetone + H, 2-propanol 


Pt, Copper chromite 


15 


H 5 + aldehyde alcohol 


Pt, Pd, Rh, Ru 




nitrobenzene «* aniline 


Pd 




ammonium nitrate hydroxylamine 


Pd 


20 


alkene alkane 

substituted alkene - substituted alkane 


Pd, Pt, Rh, Ru 




Dehydrogenation 


25 


2H0CH 2 CH 8 0H — * (f • k 2 ♦ H 2 0 


Pt 


30 


2 . 3-dibydr odioun 






cyclohexanone phenol + H ? 


Pt 




Aromatization 




35 




Pd, Pt, Rh 


40 

I 










Pt 


II 


Polymerization 




C 2 H 4 -> linear polyethylene ( 


Cr 2+ /sio ? 




Olefin metathesis 




50 


2C,H fi - C*fi 4 + CH^CH^CHCH-, 1 


Mb 4+ /Al 0 o, 




Oxidation 




CH-jOH + -> CH ? 0 + HoO 


Pe ? 0, • MoO^ 


55 


H?0 + CO -* H ? + C0 ? 


Fe,0<, Ni, CuO/ZnO ~~| 
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I h0 2 + CH 2 CH 2 -> CH 3 CHO 


PdC'l and similar 
salts of noble metals 


RCH ? OH - RCHO + H ? 


Pt 


Glucose - d-glucuronic acid 


Pt 


I Oligomerization 


dimethylacetylene dicarboxylate -> 
hexaroethyl mellxtate 


1 Pd 


I Isomeriza ti on 


j 0»j""0 

O c,,c,< -O • C^" 1 "' "O 


Pd 

i 


Carionylation | 


CO + CHqOH - CH^COOH 


Rh 


Decarbonylation 


^^-CI.CCCI^.Cl, . CO 


Pd 


Hydros ilation 


SiH(CH 3 )3+cyclooctadiene-l f 3 - 
3-triinethylsilyl-cyclooctene 


Pt 
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[0048] The process of performing a heterogeneous catalytic chemical reaction in fluid phase with supported catalysts 
of the invention comprises contacting a reactant with a supported catalyst in fluid phase under suitable reaction con- 
drtions. The process may be a batch process or a continuous process, such as a plug flow process or a gradientless 
process e.g a fluidized bed process. The supported catalysts of the invention are particularly useful in catalytic proc- 
esses where the reaction environment subjects the supported catalyst to mechanical stresses such as those using 

22£lr?? ,ny tn< : k,e b6d reaCt ° rc ° r flUidi2ed b6d r6actors - ™ e attrition resfe te"^ and high loading 

capability of the supported catalyst are particularly beneficial in these environments 

[0049] In a batch process, the reactant(s) are reacted in the presence of the supported catalyst in a reaction vessel 
preferab* under agitation, and then the supported catalyst is separated from the 

suitable means for reuse, such as by a filter or a centrifuge. V 
[0050] Fig. 1 schematically illustrates a batch hydrogenation process 1. Supported catalyst is placed in a batch 

ZT" T*J 10 ? T C \ hydr ° 9en ^ reaCtant are added ' The vesseTis closed and the hydrogenation react on 
perfoimed under agitat.cn. On completion of the reaction, the vessel contents are passed through line 14 to a filter 2„ 
where the supported catalyst is separated and returned to the reaction vessel 1 0 via return line 22 and tmmSZ 
of the vessel contents passed to the next stage of the process via line 24 remainder 
[0051] In a plug flow process, the reactant(s) pass through a stationary bed of supported catalyst, such that the 
concentration of product(s) increases as the reactant(s) pass through the catalyst bed. Any supported catalyst that 

[0052] In a moving bed or fluidized bed process, the supported catalyst is fluidized or entrained with the flow of 
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reactant(s) in the process. The supported catalyst flows concurrently with the reactant(s)/product(s). At the end of the 
reaction step, any entrained supported catalyst is separated from the unreacted reactant( S y P roduct(s) stream such 
as by filter, centrifuge or cyclone separator, and recycled to the beginning of the reaction step 
[0053] In a fluidized bed process, a bed of the supported catalyst is fluidized but remains within the bounds of a fixed 
zone as the reactantfs) move through the bed and react to form product(s). In this situation any supported catalyst that 
fluXd'bed reaCtant(S)/product ( s ) stream ™V b * separated by suitable means and returned to the 

[0054] m a further form of continuous process, the supported catalyst moves counter-current to the flow of reactant 
s) For example, the reactant may be introduced as a gas Into the base of a vertical reaction vessel and removed from 

through theupwardgasflowtobewfthdrawnfrom the bottom for recycle to the top of the vessel. Any supported caS 
theZcln vessel ^ ^ * t0 * e ,0p ° f the V ^ sel f ° r ***** 

[0055] The fibril aggregate supports of the invention can also be used as supports for what would otherwise be 
homogeneous cata^s.s, a technique sometimes called supported liquid phase catalysis. Their use as supports permits 
homogeneous catalytic processes to be run using heterogeneous catalysis techniques. In supported liquid phase ca- 

ofEibl^ 

Eh 21 1! !S fT 1 ^T 6 ° f ,ibril aggregates - as evidenced b * Polity, permits them to be loaded with 
2^ Cataly h St ' mUCt \" ke 3 Sp ° nge - and used as a but in a solid particle form. Each catalyst-loaded 

>\ V T ^ 3 r croreactor in that the interior «* »e aggregate is loaded with a continuous liquid 
phase containing catalyst or a plurality of droplets of catalyst in solution. Consequently, the aggregate behaves both 

SHUT °i r m K a ! ena ' hand " n9 PUrP0S6S 3nd 38 3 homo 9 a "^ liquid catajst for read pulses 2 
usefulness of carbon fibnl aggregates is aided in this regard by their chemical stability. The advantages Tu ustoq ho 
mogeneous cata^st-loaded fibri. aggregates are the ease of separating the catalyst from the product STSl 1 
carrying out the process, equipment sizing and in avoiding corrosion in the condensed liquid phase 
[0057] Fibril aggregates are amenable to use as supports in the catalysis of substitutions, additions, B-eliminations 
SS^^ST^ M ° re theV ^ " h ^-ation and'carbonylation 

[0058] In carbonylation reactions, a catalyst- loaded fibril aggregate is prepared by absorbing a solution of the carb- 
onylation catalyst, such as rhodium ch.oride and triphenyl phosphine, in a higher boiling point solvent such as mest 
ylene or pseudocumene, into dry fibril aggregates, such as bird nest aggregates 
[0059] Jhecarbonylation reaction iscamedoutbycon^ 

temperatures ; and pressures. The feedstock mixture may be, e.g., carbon monoxide, methyl acetate, SfiSSSi 
solvent. The feedstock is absorbed and mo.ecu.arly dispersed in the catalyst solution and reacts t!imSSSSS 

TUSTT Camed ° Ut 3 S ' Urry ^ reaCti0 " 38 previous,y described or in a fixed ^d reaction 

[0060] The products of reaction, such as acetic anhydride and/or acetic acid and byproducts, are removed from the 

fibnl aggregate particles by vaporization or filtration. removea rrom trie 

[0061] In the Wacker Process, a catalyst-loaded fibril aggregate is prepared by absorbing a catalyst such as Palla- 
dium chloride, copper chloride, potassium chloride or lithium chloride, in a sofcent such as water, to MrTJSt 
gates. The loaded catalyst is then placed into a slurry phase or fixed bed reactor and vapor phase taSn s luch as 
ethylene oxygenandhydrogench^ 

The products, such as acetaldehyde and water can be separated from the catalyst by vaporization or Son 



EXAMPLES 



^r Pl , eS ' thr0U9h V !I ? SCribe Preparati ° n ° f SUpP ° rted in accordance with the invention for 

various chemical processes and their use in those processes. 



EXAMPLE I. 



[0063] This example describes the preparation by incipient wetness of a fibril aggregate-supported catalyst for a 
X x^Sh^r ^ hydr ° 9enati0n ^ ^ ^ * ^ h - iogenSon of 2^ 

[0064] A sample of BN fibril aggregates (void volume of 7.0 cc H 2 0/g) is washed extensively with 6 N HCI distilled 
water, and fe then dned. 1 0.0 g of the dry aggregates are added to a 1 liter 2-neck flask equipped with a 100 cc tona 
stem add ion unne and a stopcock attached to a vacuum source. The fibril sample is degassed at 0 1 mm Hg eS 
cubic cenfmeters of 0.0135M solution of PdC 2 (from AESAR, In 6 N HC. is added to the addition unnS w£S 
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"TtZ^Z'^ ffrU ■? 8,0W ? CarefU ' V add6d t0 the dry ' de 9 assed fibri,s ' The *■* is shaken frequently to 
L ! 6tted f ' bnlS 38 1,16 additi0n is P erf <»™°- Addition is continued until the point of saturation fe 15 

reached. A total of 72.5 cc is added. The flask is then placed onto a rotary evaporator and i drie a 0 mm Ha and 
80'C for several hours. The dried catalyst is reduced by reaction with 5% H 2 in a 2 inch quarto ^Ze at 200»C unSl thf 

' SETS Sor'Z^tT ve f Z Nominal ,oadin9 on the ca,a * st is 1 ■« S£2S 5 Xt the 

0065] The test for catalytic activity is performed in a 50 cubic centimeter stainless steel autoclave at 1 60*C and a 
total pressure of 5 atmosphere. Products are analyzed on a Varian 3700 gas chromatograph aliL S PB 5 
column Ten grams of phenol (Aldrich Chemical, ACS Reagent) is loaded in the mJE^g^JSZ 

> u Sea h ed and 1 ' S rem ° V6d bV PUrgin9 * wtth ar 9° n - "n» autodwo is then hWiSSS 

atmosphere of H 2 w,th stirring (800 rpm) to 100'C, after which the pressure regulator for the system is set to 5 IS 

«?M ZKo T T" 5 mi "' f ° r 8nalySiS - The rateS 0f fomiation ^ cyclohexanone and cycLexano. 
are 16.0 and 0.12 g/g cat-s or liters per gram of catalyst-second, respectively. cycionexanol 

EXAMPLE II. 

[0067] Ten grams of BN fibril aggregates (void volume, 7.0 cc/g) is dispersed with 600 cubic centimAt^ «r rta i„, „ 
water for 2 minutes in a Waring blender to form a thick paste. tS!s is then slu Jed wrth SSE^i^ 
a 3 liter 3-neck indented flask fitted with a top stirrer. One hundred twenty grams of 41% ftSS rl bS™« 
^f"^ a ^dded to the slurry and, with vigorous stirring, is neutralized with^a solution^of 20 w^^t perc^^oteMlum 
carbonate to a pH >7. The slurry is filtered and washed lightly and then is dried at 1 60°C in , c^nSonTl S^ 
loading of the cataryst is 1.1 g of iron per gram of carbon fibril aggregate convection oven. Nominal 

[0068] The catalyst is ground and reduced in H 2 at 350°C for 6 hrs. It is added to a fluidized bed reactor at 340T 
and charged wrth a 6/1 ratio of H^CO at 2.5 MPa and at sufficient velocity to maintain a fluidized bed 
is reached, analysis by gas chromatography of the liquid product collected downstream is * 
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EXAMPLE III. 



[0069] This example describes the preparation of a fibril aggregate-supported Fe^MgO catalyst for an ammonia 
synthesis process and the use of the catalyst in an ammonia synthesis process 

[0070] Magnesia (Martin Marietta MagChem 50) (29.6 grams) is slurried with deionized water at 80-C for 3 hn. and 
is t^n allowed to cool. BN fibril aggregates (3.3 grams) (void volume 7.0, surface area 290 £ 'JSS 
Mg(OH) 2 slurry and the mixture stirred in a Waring blenderfor 2 min 67 6 a of a 41 y solution « < L2 mo , ! 1 9 
^'^edwahasolu^ 

rate. The resulting slurry is black. The slurry is filtered and washed twice with 1 N a mmnniMmLt=Jh ar °Pwse 
and Altering. The filter cake is dried at 1 60°C for 1 8 hrs then catena u£a C • foThl Z ? 
of the calcined ca,a,st is: 33% Fe 2 0 3 , 6.5% Mo0 3 , ' 

2 I, I JoH foIi a,ySt J S h r l UC K. ed 9 Hz Str6am by 9radUa,ly increasin 9 the ^Perature from 75«C to 425°C over a 
12 hr. penod. followed by 24 hrs. at 425-C. At the end of this time, heat is removed When the temoeratum rZZt 
ambienttemperature,H 2 i S purged with argon. The cata^tisthen exposed to a 1^^^ 

reoxidize the reduced Fe, which is otherwise pyrophoric. jargon gas stream to partially 

[0072] The catalyst is tested for ammonia synthesis in a fixed bed reactor snnrw <w\ . 
3/4- tube. Reaction is carried out at 480'C and 25 MPa tote 7ressumSa f om L T**!* ^ 3 
8% NH 3 , 23% N 2 and 69% H 2 . This corresponds to a McSZZTt^ ^ "* 935 C ° n,a,nS 
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EXAMPLE IV. 

[0073] This example describes the preparation of a fibril aggregate-supported catalyst for a hydrodesulfurization 
process by pore filling and the use of the catalyst in a hydrodesulfurization process 

K 41 „ JZf BN ° arb0n fibrH ag 9 re 9 ates ( void volume 7 «^g) is dispersed in a mixture of 600 cc of a solution 
that is 0 44 M m Co(N0 3 ) 2 . 6H20 (25.75% CoO) and 0.20 M in ammonium paramolybdate (81 .53% MoO a ) in a Warinq 
^ / 2 c m ' nu,es -J he slur, y is ,iltered and wit hout further washing, dried at 125°C. The dried catalyst is calcined 
10 0 g ffbniaggreSe? 6 ***** * n ° m ' nal ° f 23 9 C ° 0, 14,1 9 M °° 3 (6/1 fati ° °' Mo0 3 /Co °> and 

IS ThS CatalySt iS activated bv eduction at 325°C with a gas mixture containing 2.5% H,S in H P for 2 hrs 
[0076] 0.1 g of catalyst is charged into a 500 cc stirred autoclave with 300 cc of 1 vol% solution of thiophene in 
hexadecane. The reactor is charged to 80 atm with H 2 and the hydrodesulfurization reaction is earned out at 300°C 
One cc samples ;are withdrawn and analyzed at5 min. inteivalsand a pseudo first order rate constant for disappearance 
of thiophene is determined to be 4.5 x 10" 3 L/g cat-s. w 

EXAMPLE V. 



[0077] This example describes the preparation of a fibril aggregate-supported catalyst for a carbonylation process 
and the use of the catalyst in a cartonylation process. 

[0078] A homogeneous catalyst solution having 0.0015M of RhCI 3 , 0.0005 M of Cr(CO) e and 0.005 M of triohenvl 
phosph.ne dissolved in pseudocumene is absorbed into the pores of 10 g of BN fibril aggregates (void volume 7 0 cc/ 
g, surface area 290 mg/g. - ' ■ 

[0079] The catalyst solution as a supported liquid phase within the fibril aggregates is loaded into a fixed bed reactor 
The pressure in the reactor is increased and controlled at 500 psig with CO and the temperature is increased to 200°C 
A gas mixture comprising MeOAc, Mel and CO saturated with pseudocumene at 200°C and 500 psig is prepared such 
that the final composition of the gas stream is: 64% CO. 25% MeOAc, 10% Mel, 1% pseudocumene. The gas mixture 
is fed into the toed bed reactor whereupon MeOAc, Mel and CO dissolve in the supported liquid phase within the fibril 
aggregates and react to form acetic anhydride and acetic acid. Products are removed from the reactor by vaporization. 

EXAMPLE VI. 



[0080] This example describes the preparation of a fibril aggregate-supported catalystf or the heterogeneous Wacker 
process and the use of the catalyst in a heterogeneous Wacker process. 

i 0 ™ 11 * h °7 9ene ° US S0lU,i0n ' 0 01 M in PdCI 2' 1 0 M in CuC, 2 a " d 0 001 M in LiCI, is absorbed into the pores of 
1 0.0 g BN fibnl aggregates (void volume, 7.0 cc/g, surface area 290 m2/g). 

[0082] The catalyst (83 cc) is loaded into a 1" fixed bed reactor. A gas stream comprising 60% stream 31% C,H 
and 9% 0 2 is fed at 110°C and 60 psig at a total GHSV of 360. Residence time is approximately 10 sec The effluent 
contains 1 8% CH 3 CHO, 16% C 2 H 4 , 1% 0 2 and the balance, steam. 

EXAMPLE VII. 

[0083] This example describes the preparation of a fibril-supported catalyst for the oxidation of methanol to formal- 
dehyde and the use of the catalyst in that process. 

[0084] A catalyst is prepared by absorbing a solution that is 0.004 M in ammonium paramolybdate [ (NH.) fi Mo 7 0,4 
• 4H20], 0.015 M in Fe(N0 3 ) 3 and 0.5 M in citric acid into 10.0 g BN fibril aggregates (void volume 7.0 cc/g surface 
area 290 m2/g). The impregnated catalyst is dried at 110°C and calcined at 240°C for4 hrs. Nominal composition of 
the catalyst is 0.65% Fe 2 0 3 , 2.3% Mo0 3 and 97% Fibril Aggregates. 

[0085] The reactor is a quartz tube, 32 mm OD x 1 000 mm long fitted with a porous fritted glass disc (1 0-20 micron) 

J^SSSSS!' 42 f T Pr ° CeSS fe ° arried ° Ut 34 24 °° C Snd atmos P heric P"*sure with a gas stream comprising 
6/. MeOH/94% air (vol) at a total gas rate of 125 1/hr. Analyste of products by gas chromatography shows a 98% 
conversion of MeOH with a selectivity to CH 2 0 of 96%. CO (2.5%), C0 2 (0.2%) and methyl formate (0.5%) are also 



Claims 



1 . A supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 
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Wacatalystsuppftrtcomprislngacarbonfibrilaggregate, said fibril aggregate comprising a plurality of carbon 
f.bnls having an outer reg.on of multiple, essentially continuous, generally parallel layers of ordered carbon 
atoms that are graphitic; and 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

2 " **ZnlV T? ^r'on x C ' aim 1 Wherei " ,he Carb0n flbril a ^ re 9 ate is substantially free of micropores 
naving a diameter less than 20 A. K 

3. A supported catalyst as recited in claim 1 wherein the fibrils have a fishbone morphology. 

4. A supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 

(a) acatalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of carbon 
fibnte hav.ng an outer reg.on of muttiple essential* continuous, general* parallel layers of ordered grapSc 
carbon atoms disposed substantially parallel to the central axis of said fibril, a preponderance of said fibrils 
having an external d.ameter of about 3.5 to 75 nanometers and a length to diameter ratio of at least 5 and- 

(b) a catalytically effective amount of a catalyst supported on said aggregate. ' ' 

5. A supported catalyst as recited in claim 4 wherein said fibril aggregate comprises fibrils randomly entanqled with 
each other to form entangled bate, bund.es of straight to slight* bent or kinked carbon fibrils hatfng tSSS 
thesamerelat^eonentation.orstfaighttoslightlybentorkinked fibrils which are loosely entangled with each otS 

6 - ^Ta^ 

7. A supported catalyst as recited in claim 4 wherein said fibril aggregate has a porosity from about 2 to about 8 ml/gm. 

8. Asupportedcatarystasrecitedincla^ 

9. A supported catalyst as recited in claim 4 wherein said fibril aggregate has a minimum size of about 0 5 micron 
on attrition. 1 

10. A supported catalyst as recited in claim 5 wherein said fibril aggregate comprises entangled balls. 

11. A supported catalyst as recited in claim 5 wherein said fibril aggregate comprises loosely entangled fibrils. 

1 2 " 25^^ Ca,a ' ySt ^ rWit6d Cl3im 4 

13. A supported cata*st as recited in claim 4 wherein said fibril aggregate comprises essentially pure carbon. 

14. A supported catatyst as recited in claim 4 wherein said fibril aggregate is surface oxidized. 

15. wS?!f r6Cited ' n C ' aim 4 Wherei " thS h Selected from <*mium, rhodium, 
indium, palladium, platinum or a mixture thereof. »«i«n, 

16. A supported catalyst as recited in claim 4 wherein the catalyst is palladium. 

17. A supported catalyst as recited in claim 15 wherein the catalyst is platinum. 

18. A supported catalyst as defined by claim 1 wherein said catatyst comprises a substitution reaction catalvst an 
addrtionreactionc*^^ 

catalyst, a reduction reaction catalyst or two or more of the foregoing catalysts. 

19. A supported catalyst as recited in claim 1 wherein said catalyst comprises a hydrogenation catalyst a Fischer- 
Tropsch catatys t an ammonia synthesis cataryst, a hydrodesulfurization catalyst, a caLylation cZi a Wack- 
er process catalyst, a discrete fibril-forming catalyst or a fibril aggregate-forming catalyst 
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20. A supported catalyst as recited in claim 1 wherein the amount of catalyst in the supported catalyst is greater than 
about 0.01 weight percent based on the weight of the supported catalyst. 

21. A supported catalyst as recited in claim 1 wherein the amount of catalyst in the supported catalyst is greaterthan 
about 50 weight percent based on the weight of the supported catalyst. 

22. A process for performing a catalytic chemical reaction in fluid phase comprising contacting at least one reactant 
in fluid phase under suitable reaction conditions with a supported catalyst that comprises 

(a) a catalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of carbon 
fibrils having an outer region of multiple essentially continuous, generally parallel layers of ordered qraphitic 
carbon atoms; and 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

23. A process for performing a catalytic chemical reaction in fluid phase comprising contacting at least one reactant 
in fluid phase under suitable reaction conditions with a supported catalyst that comprises 

(a) a catalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of carbon 
fibrils having an outer region of multiple essentially continuous, generally parallel layers of ordered graphitic 
carbon atoms disposed substantially parallel to the central axis of said fibril, a preponderance of said fibrils 
having an external diameter of about 3.5 to 75 nanometers and a length to diameter ratio of at least 5 and- 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

24. A process as recited in claim 23 wherein said process further comprises separating said supported catalyst from 
one or more products of said reaction. 

25. A process as ecited in claim 23 wherein said process further comprises recycling said supported catalyst to said 
process for contacting said reactant after separating the supported catalyst from said one or more products. 

26. A process as recited in claim 23 where said reaction is conducted in the liquid phase. 

27. A process as defined by claim 23 wherein said reaction is conducted in the gas phase. 

28. A process as recited in claim 23 wherein the reaction is conducted in a liquid phase sluny reactor a trickle bed 
reactor or a fluidized bed reactor. 

29. A process for performing a catalytic chemical reaction comprising 

(a) introducing a reactant in vapor phase into a reaction zone containing a fibril aggregate-supported catalvst 
that comprises " 

(i) a catalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of 
carbon fibnls having an outer region of multiple essentially continuous, generally parallel layers of ordered 
graphitic carbon atoms disposed substantially parallel to the central axis of said fibril, a preponderance 
of said fibrils having an external diameter of about 3.5 to 75 nanometers and a length to diameter ratio of 
at least 5, and 

(ii) a catalyticaiy effective amount of an active catalyst supported on said aggregate, the active catalyst 
being contained within a liquid phase within the said aggregate; and 

(b) absorbing the reactant into the said liquid phase to conduct said reaction. 

30. A process for making a supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 
depositing a catalytically effective amount of a catalyst on carbon fibril aggregate that comprises a plurality of 
carbon fibrils, a preponderance of which have an external diameter of about 3.5 to about 75 nanometers a length- 
to-diameter ratio of at least about 5 and graphitic layers disposed in substantially parallel relation to the central 
axis of the fibril. 

31. A process as recited in claim 30 wherein the catalyst is a multicomponent catalyst that is deposited on the fibril 
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aggregate in a single step. 

32. A process as recited in claim 30 wherein the catalyst is a multicomponent catalyst that is deposited on the fibril 
aggregate in multiple sequential steps. ID ™ 

33 ' aggregate " ***** °' aim ^ Wh6rein ** * ^ °" e ° ther matena ' are C0 P reci P itate d on the fibril 

34 " surf^Trer 0 ^ 

35. A process as recited in claim 30 wherein the chemical properties of the surfaces of the individual fibrils in the 
aggregate are modified to support the catalyst. 

1 . A supported catalyst for conducting a fluid phase catalytic chemical reaction which comprises: 

(a) a catalyst support comprising a carbon fibril aggregate and a cosupport material, the fibril aggregate 

(i) comprising a plurality of carbon fibrils having an outer region of multiple, essentially continuous gen- 
eral^ paraHel layers of ordered graphitic carbon atoms, wherein the graphitic carbon atoms are disposed 
substantially parallel to the central axis of said fibrils, 

(H) said individual fibrils having an external diameter In the range of 3.5 to 70 nm and a length to diameter 
rafto of at least 5, and the pores formed between the fibrils being mesopores or macropores, wherein the 
carbon fibril aggregate is substantially free of micropores having a diameter less than 20A, and has a 
porosity from 2 to 8 ml/gm and a specific surface area of at least 250 m^/gm and less than 1 000 m2/gm; and 

(b) a catalytically effective amount of a catalyst supported on said catalyst support. 

4. A supported catalyst according to claim 3, wherein the supported catalyst is a coordination complex of a catalvtic ' 
transition metal selected from palladium, rhodium, or platinum. m 

5. A supported catalyst according to claim 3, wherein the ligand is phosphine. 

7. A supported catalyst according to claim 1 , wherein the supported catalyst is selected from ruthenium osmium 
rhodium, indium, palladium, platinum, or a mixture thereof. ™nen.um, osmium, 

8. A supported catalyst according to claim 1 , wherein the supported catalyst is feme oxide. 

9 ' ^l P n°r? d t Cataly f ,T? n ? t0 C ' aim 1 ' Wherei " SaW ° ata * St COm P rises a substituti °" taction cata^st an 
addition reaction catalyst, a p-elimination reaction catalyst, a rearrangement reaction catolyst, an oxidation rStion 
catalyst, a reduction reaction catalyst or two or more of the foregoing catalyst. 

1 °' r™«T e ? aCC ° rding l ° C ' aim 1 ' Wherei " Said Catalyst com P rises a hydrogenation catalyst, a Fischer- 

Tropsch catalyst, an ammonia synthesis catalyst, a hydrodesutfurbationcat^ 
er process catalyst, a discrete f Ibril-fomUng catalyst or a fibril aggregate-foirning catalyst 

11 . A process for making a supported catalyst for conducting a fluid phase catalytic chemical reaction comprising: 

adsorbing a catalyst or a catalyst precursor onto a carbon fibril aggregate and a cosupport material until the 
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carbon fibril aggregate and the cosupport material are saturated with the catalyst 
wherein said carbon fibril aggregate is defined in claim 1 . 
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